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Page 4, lines 1-5 of the specification in Japanese 

Accordingly, the thermoelectric conversion material of the present 
invention is characterized in that, concerning a basic structure in which, 
where constituting elements are A, B, and C, the constituting elements A, B, 
and C form such a stoichiometric composition (A2BC) resulting in a Heusler 
alloy type crystal structure and in which the total number of the valence 
electrons per chemical formula is 24, the total number of the valence 
electrons per chemical formula is controlled by adjusting the proportion of 
the chemical composition. 



Page 9, line 2- page 10, line 17 of the specification in Japanese 

According to the result of the test performed by the inventors, when 
the other element that substitutes the element A is Ds, the element Ds can be 
selected from the group consisting of group VIII in the fourth to sixth periods 
of the periodic table. The inventors have confirmed that the element Ds can 
be at least one of Pt (platinum) and Co (cobalt). In these cases, the resulting 
thermoelectric conversion materials are large in Seebeck coefficient and 
power factor. When the basic structure is Fe2VAl, an n-type thermoelectric 
conversion material is obtained by substituting at least a portion of Fe with 
Pt. When the basic structure is Fe2VAl, an n-type thermoelectric conversion 
material is obtained also by substituting at least a portion of Fe with Co. 

In addition, when the other element that substitutes the element B is 
Es, the element Es can be selected from the group consisting of groups IVa to 
Vila in the fourth to sixth periods of the periodic table. The inventors have 
confirmed that the element Es can be at least one of Mo (molybdenum) and Ti 
(titanium). In these cases too, the resulting thermoelectric conversion 
materials are large in Seebeck coefficient and power factor. When the basic 
structure is Fe2VAl, an n-type thermoelectric conversion material is obtained 
by substituting at least a portion of V with Mo. Also, when the basic 
structure is Fe2VAl, a p-type thermoelectric conversion material is obtained 
by substituting at least a portion of V with Ti. 

Furthermore, when the other element that substitutes the element C 
is Fs, the element Fs can be selected from the group consisting of group Ha or 
groups Illb to Vb in the third to sixth periods of the periodic table. The 



inventors have confirmed that the element Fs can be at least one of Si 
(silicon), Ge (germanium), and Sn (tin). In these cases too, the resulting 
thermoelectric conversion materials are large in Seebeck coefficient and 
power factor. When the basic structure is Fe2VAl, an n-type thermoelectric 
conversion material is obtained by substituting at least a portion of Al with 
Si. When the basic structure is Fe2VAl, an n-type thermoelectric conversion 
material can be obtained also by substituting at least a portion of Al with Ge. 



These are tabulated as follows. 



(Al-aDSo)2+x 


A 


Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt 


Ds 


Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt 


(Bi-eEsB)i+ y 


B 


Ti, V, Cr, Mn, Zr, Nb, Mo, Tc, Hf, Ta, W, Re 


Es 


Ti, V, Cr, Mn, Zr, Nb, Mo, Tc, Hf, Ta, W, Re 


(Ci- Y Fs Y )i+z 


C 


Mg, Al, Si, P, Ca, Ga, Ge, As, Sr, In, Sn, Sb 


Fs 


Mg, Al, Si, P, Ca, Ga, Ge, As, Sr, In, Sn, Sb, 
Ba, TI, Pb, Bi | 



With these selections, at least a portion of at least one element of the 
elements A, B, and C can be substituted with another element, concerning 
the above -described basic structure. This makes it possible to control the 
total number of the valence electrons per chemical formula. 
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(57) Abstract: A thermoelectric transducing material, wherein 
a basic structure in which Fe, V and Al make up a stoichiomet- 
ric composition (FezVAl) which is a Heusler alloy type of crystal 
structure and has a total number of valence electrons per chemical 
formula of 24 is modified by substituting Si or the like for a part 
of Al or by adjusting the above composition ratio and also sub- 
stituting Si or the like for a part of Al, to thereby control the total 
number of valence electrons per chemical formula; and a method 
for preparing the thermoelectric transducing material. The ther- 
moelectric transducing material and a thermoelectric transducer 
made from the material exhibit a high thermoelectric transduc- 
ing efficiency, can be prepared at a low cost, and is significantly 
reduced in the fear of environmental pollution. 
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Jjm&ftfr*hT\,^Z> 0 Z<Dtcit>, ®Wr<Dizib<DW}*)ft&&mz.teZ> kbytes $3 
B i t>*tttfS3fiV\, ^©fcfc, B ijes^i: bfcB^m^Mfi, Hit 

^e*«?^»fcjg< % S»*3E«*^©ta3t3^ hoffi»fls4r«3|i5i-S. 

&umm^mmi L *mm^zzk&ftm-t'<%mmki.x^z> 0 mm^m 
ifetemmxm&mti-tzz.kbffiik't^wkmk l-cv^ 0 
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^^i-t>0^fe5 0 Fe.VAltt, 2 K-C<Ottrfgftj&S#l3 0 n QmC 

it^mit 19 ©»fl5«T-»j&J 2 4 Oft^-CfcSF e 2 VA 1 ^OV^. 
£>#|j&7D3jf tf>4>& < £ t>— ^P^rffi^TD^o^ 9^4 ytM, M 5 TuSf^-egm U 
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A 2 BC) SrfcU {b^Sfc9©»M«^*^2 4T«)<5a6*«3Sfc*fU ft; 

^m^it SrPits rtiao xfl^stys fc 9 oM«?«4Sffi«i ztix^zz 
%m&b<o&m£&\z*.fr&s ihm^r^r)(Dmmm,^m^2 3. 2-24. 

-<Dfci6 s <fb^jf&j£Jttf>i|g* x „ y &T>* z f* N ttffitfHfctf 2 3. 2 ~ 2 4 
. 8fclfc5«fc ?\Z— m#:A 2 + x B 1 + y C l+z *mtc-T- Kx< 1 N -Ky< 
Utt-K z < l<D$5ffll^T*ittK£;ft#5o ilix. y z aSjEXfetW* 

N 5c^A s BXttCdSS3|o»jiJ:D<>*^«r.i:Sr**i-So ^«a^JfcS:WI 
*bfe-fc^**s*-f ^feffl©IS**3tt*l6»^-«*ne>»J:r±. x + y + z = 

-)gS;A 2 + x B 1+y C 1+I ©iSiix, yWzH(i«x=-n, 
y = n N z = O b-i-thl^ 2 + x = 2-n. l + y=l + n % l + z = lffe§ 

*»e>, -^A 2+x B 1+y c 1+I «-^A 2 _ n B 1+n c-e^$^5fc*, s^mat 

£fc, — J&5fcA 2 + x B 1 + y C 1+I ©H^*x, yMz &0iJ;tfc£x = -n N y 
= 0 N z = ni: -Tix« N 2 + x = 2-n. 1 + y = 1. l + z = l + nT^5^ 
-jBf^A 2 + x B 1 + T C 1+ ,t4--«S:A a - B BC 1+a -t?*StL«/t«)> S##:i£<D 

AjBCI^U AictoBSintJ; 9s {b^^fct)©mffi«^SrWW 

-|KSA 2+]l B 1 + y C 1+l ©iifx, yMz &#!Jx.fcf x = 0, y 
= -n, z=niftl^ 2 + x=2 N 1 + y = 1 — n x l + z = l+n-efc5 

a>e>. — fls;5£A 2+x B 1+y c l+I tt— ^A 2 B 1 _ n c l+n "e^$ttSfe«e)> 
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— Jtt^A 2 + x B 1 + y C 1+ ,<0Wttfl:x, yRt)«zS:Witfx=-2n/ 
3% y=- n /3, z=n£i-*Lf* % 2 + x = 2 (3-n) / 3 x 1 + y = (3 
-n) /3, 1 + z = 1 +n-ea>S*»fe % — jft^A a + x B 1 + y C l+ ,»±— jft^ ( 
A 2/3 B 1/3 ) 3 . n C l+n X^^n, &ttffi&<DA 2 BC\Z.ttl, > A 2 BO^ )V — zf k. C 

££>M, — $££A 2 + x B 1 + y C 1+I ©^*x, y&TJ<z £r#!l;tkfx=- 2 n 
/3 N y = n > z =-n/3 £*f-*Ui N 2 + x = 2 (3-n) Z3, 1 + y = 1 
+ n N l + z= (3-n) /3T*fc5^P), — jR£;A 2 + „B 1 + y C 1+ ,tt— $5* 
(A 2/3 ) 3 -„B 1+n (C,/,) 3 -n^$tvSfcae), fi*fll3afOA 2 BC^U 

-^A 2+I B 1 + y C 1+z ©lIix, ySO ? z^Jtlix = -n, y 
= n/2 > z = n / 2 b-tfo\£, 2 + x=2-n, 1 + y = (2 + n) /2, 1 
+ z = (2 + n) /2T?*>*a»e>x -^A 2 + x B 1 + y C 1+z fi— j»S;A 2 _ a (B 4 
/ 2 C 1/2 ) 2+n T-*$tb5fc*. I*iig©A 2 BCl^U A,tBC©^ 

SfA N BXTJfC}65*-r^7— a-^MO^fllat^jfcS ± 5 fcfc^4lliS&/£ (A 2 
BC) SrfcU ft^CSfcD©IM5tHbi«2 4^fc5£;fc#l5£fc*tU 5n^A 

DsT'^l^ 7C^Ds©fM«^-^ (A^.Ds.) 2 BC^fc-T0 

^ a ^ 1 oiffl^t«^ti5 r t ta ox, fc& : &mrzy)<Dffi.mm*ms2 3 

. 2-24. 8^*«J:5^W»*^«o S*»jt©7C*B^#^T« 
ift-f-Sfl&©5c*^E st'feSf^ 7G3?tE sOf^t^i-jRSlA, (B,.jE s 

»«t^2 3. 2 — 2 4. 8»Jl3&«5J:5te«iJ«I$^5. $ £>K N 
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«*A a B (C,. T Fg r ) *Ifcto^7^ i©$5fflrt"T?ai^$ttSiiK:«ko 
T, <b^^/ct)(Di^#im^MS2 3. 2-2 4. 8JC**J:5H:«!I«I*^<5 

£#«5£<&5n^Afc:#*.-C7n5£D s T*gmi"5 hbhfr, &2M?!i£<E>5c^B 
#£T7Gl?fE s T»B**t-*tfix — «5t«: (A hB D s „) 2 (B,,Es t ) C <tft5 

f C x.T5ci F s T«ftltf , — (A,. f Ds,) 2 B (C,.,Fs,) 

^C^#x.T5c*F sfgttllifv — «SCttA 2 (B H Es s ) (C^F s y ) 

TjclEst'IiU ^oS^it<^7C^C^#x.T7cmF s T-g^t^H!, — 
(A...D8,) 2 (B^Es,) (C^Fs,) <t&5„ itL6)^<fcoTt> 
> m^fc^HIIW2 3. 2-2 4. 8W5J:5Mi$n#5„ 

2 BC) fc^5£^fc t) ©*SflS*^»:^2 4-T?jfc5ae#«a&fc#U fc^ 

MJtlriStSritUtfcTniA, B&t>*C<Z)4>& < <t t> 1 7Gfff04>& < £ t> 

D s T'feSi^ fb^M^JfcO^Sx, yS.trzMt>lC7G^D s 0«m4a>dS 
— tit& (A,.,D»,) 2+x B 1 + y C 1+z ^fc-t--l<x<l > -Ky<lXtt 
- 1< z < lMO^a^ l©ttfflrt"T?SiR$;h,3£fcfc.fco-C\ fl^3SiSfct> 
^11^2 3. 2-24. 8K:&5<fc5 WJ^I$tt#-5„ S*^|-it 

y Rt)« z t^lCTciE s (DIM ^ ^-^A 2+x (B, ( Es,) i + y C 1+z *m 
fci~-l<x< 1 N -Ky< 1< z < l&tfO^ 0 ^ lO^ISl^-t?^ 

^$^^Haot> ft^^fc0O^«IW2 3. 2-24. 8 In ft 3 
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$5S;A 2+x B x+y (C,. v Fs r ) 1< x < 1, - Ky<U(i- 

Kz< lW0^y^l©»tI^tl5r^aot, fc¥#,%fcV<D 
lll^l^ 23. 2 ~ 2 4 . 8 5 «fc 9 «J#P £ *t#£o 

-$J5£f3: (A^Ds,) 2 + x (B H Es ( ) 1 + y C 1+2 £&5 0 *fc, fcaNajfcJt 

^p^a x „ y rv< z tw6 too, m*ffim<D7bm a ^^-ctc* d s -c-gm 

, t Ds„) 2 + x B 1 + y (C,,F 8j ) ^^it^Sftx 

^ N mfcm&(D7iimci l z.wz-X7tmF s-cf^ttitt — ^tiA 2+x (b^e 

s e ) i + y (C 1 . y Fs y ) l+2 £&5„ ^m^it^«*x, yMzt^iL 
oo N £^«5g©5nmAfc#xT7E*D s-egmu £*^<Otc^B K#*lT 

TciEsT'tnu fr^m*mm<D7umckz.wz-X7umF s-c-gm-rtu^ — ^ 

(A^DsJ 2 + x (B H Es ( ) 1 + y (C,. T Fs y ) l+2< tft5 0 

A s BRTfCfc*^ X7-&&W.<D&MiM : miZ.ti:Z X 5 ^^fti^m^ (A 2 B 
C) ik^^^V (D^mmrf-Wtft 2. 4Xfo&m*M&*: : fi^X^Z>m& 

N -r^^*>^^fcl9©¥^m^^ s 2 4/4 = 6-Cfc£:!§-£\ i©ilft 

7m<D'pK < t n*m<D7tmxw&~t- 5 ^ £ ^ juzik^mj&itzm&-tz> r. 
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n&n&mt&kmte*)* ^m^mt tt s 750 0 c^±a>og&&ECF<D?a 
xhv^ 7umc&mMMiz&ttz>t83~5mm<Di 1 a^«i 1 ib^~vb 

AfciFe m) XM. TumBteV (x-^v^A) V) N 5n^CfiAl (T/U 

mj&Ltcmm,m%ittmz<>\,^x%}%:zmmi,x^z> 0 :tibFe, vrvai& 

tfUc^V^^;*^,, £fc. TcfAliFe (ffc) "efc!9, 5u§5fBteTi 
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o 

tc*d stemmmz.wfz>M4~6mn<Dv 1 1 i^b^^p^e>5i« 

ft#3 0 3§^#£>fci\ TciDs^Pt WCo (="VUh) (D'pt£<b 

^Fe 2 VAlt'^5f^ F e (D'PtiiK. b t> — SP^rC o T?S^t"Ct)> nl© 
^*3tt5M4~6^S8^ I Va#|~V I I a 6> * kitkffrftSo 3§K 

£ temm&mtfm b & s„ s^ata* F e 2 v a i t^st^, v^/>^ < t *> 

e 2 VA 1 -e&54§-3\ V<Z)4>ft< £*>-g&£T i -Cg#H-*Lfcf, pl<Ditt 

^HC*Stt5jfl3~6j^ffl<P I I a^JSUil I I bfe^VbM fribf£Zmfrhmt£ 
H#5 0 »W#fef4x TcfFsttS i {&<<m) , Ge (y^T^A) RtfS 

n m <D'ptj:< bh—jy-e&v&zzb&mm^x^Zo z.frb(om&^- 
y * w^j fcf&m£&*m £ & s o &*mm& f e 2 v a i 

T?*>5»£\ A 1 (D'pt£< b h— £B£S i -egm-Tfr^ nl^iliitW 
#e>*L5„ S*M^Fe 2 VAlT'fc5^ AKD'pt£< bi>-n*GeT~ 
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(A^D s „) 2+x 


A 


F e , Co, N i , R u, R h, Pd, O s , 

t _ r> +. 

l r » r t 


D s 


Fe N Co N Ni, Ru x Rh N Pd, Os N 
l r , Ft 




B 


T i , V, Cr, Mn, Zr N Nb, Mo, 
T c , H f , Ta, W, Re 


E s 


1 i N V s Or, M n , Z r , N b , Mo, 
Tc, Hf, Ta, W, Re 


(Ci_ y F s v ) l+z 


C 


Mg, A 1 , Si s P, C a , G a, G e, 
As, Sr, In, Sn N Sb 


F s 


Mg, Al, Si, P, Ca, Ga, Ge, 
As, Sr, In, Sn, Sb, Ba, Tl, 
P b, B i 



ztib(om$l\z£ 9, JrfB£##Kifc:*fr u tc^a, BRxtc <D'J>te< b h l 

mtim^3 0 OKWSV^T 1X1 O^W/mK^JtOfim^lt^^^^^ 

o 

1 0 
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. 7 5 0° CWJt^o®!;AOToMST^^0XXf»*^^i-i«tt>^ 

pvDmzm^xmwm&m*in.fc^ mmt i^xmit^^^mrnhmm-r^ 

^(Dmvmnmmtn&m^z^ t&x%z> 0 ^/c N ^^nam^mst-^fi 
. ±mmnm.Wtttn<D?ibs ^—<iy^^m<Dn^iE(Dh<D^m.^^x^ 
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H!2« > (Fe 2/3 V 1/3 ) 3. tt Al 1+n -C^$ttS^m^mW3|S|- 

|2l3fi N (Fe 2/) V W ) 3 . n A 1 1+n T♦^£;i^5ft&m^&*m 

0 4f4, Wftfcl 1 ©— «5£ (Fe 2/3 V 1/3 ) 3 - n A 1 Ha «^«J»«aaMm 

in 5 t* x kr^ij i ©-jks: (f e 2/3 v 1/3 ) 3 -„ a i ^x-mztizWimm&ttn 

H7I4, «!5«:F e 2 V (A 1 ,. v S i y ) £ frb 6 

Ba8tt, WJ2©-tSFe 2 V (A1,,S i y ) "C^ $ *L SJRkttXfttm 

®9fi, wj2©-^Fe 2 v (ai^s i T ) xm & ti z f&mm&un 

EllOte. WJ20-)gSFe 2 V (Al H Si,) "C* £ *b£?&m^$&*t 

mini, ^2©-|RSFe 2 v (Al,. r Si T ) -c*$;h,aB«£&# 

Hll 2 ft, WRW3©-jRSF e l 95V!. 05 (A l^Si y ) 

01311 IWWSO-llittFe,, 95V,. 05 (Al^S i y ) T«*^HSfi 

0149:, W»W2©-«SCFe 2 V (Al,. T Si r ) *l5 
J|S|-£x flS^F e.L 95 V,. os (Al,. r Si t ) X*%tt$*lZ>f&mM.Wk 
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015^ WflSOHRaFe,. 9S V X . 05 (A1 H S i y ) TSc £ 5 !f& 
m 1 6 ft, 1$W!|4<D— flSiSF e 2 V (Al, y Ge y ) Xm^fl^mM^M 

init ^^!I4o-^5s:f e 2 v (Ai,.,Ge r ) xm^n^mm.^mt 
01814, ^50-^ (F ei _ 0 co 0 ) 2 va i x*^isfL%mnm%M 
si9f4, itii5«z)-i?s; (F ei _ a co a ) 2 va i xmztizmm^&ktt 
m2on. M^6©-^Fe 2 (v^jMo,) a i xmztizmnmmt 

02 114, Wj6©-^Fe 2 (V^jMoj) A 1 T** £ *L 5 ff&m^i&fct 

nt^ n^m7(o~^Fe 2 (v,.,Ti,) a i -e^$ix5^m^m*t^^^ 

022«, f£!|fc#i6(D— j&$5£F e 2 (V^jMo,) A 1 XmZtlZmmM&tf 

mt^ ^W7©-^Fe 2 (v w Ti ( ) A.ixmtsthZf&mmmtfnkte 

023(4, «R0*2©— JttzfcF e 2 V (Al,. T Si t ) tbSff&m^i&fcJ- 

Mi6©-^Fe 2 (v,.,mo,) AixgtztizmmmmttWk, 
^i7©-^Fe 2 (v^Ti,) Aixmztizi&n&mtmkim*), 

@2 4it e 2 V (A 1 0 . 90 S i 0 . 10 ) T'^$^5^S^m*t 

w*^i6©Fe 2 (v 0 , 90 mo 0 . 10 ) Aixmztizf&nmmtfmk. 

HW7©Fe 2 (V 0 . 90 T i o. io) A 1 ^*S;ft,S!»«&if^ft^ flfaOffc 
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mmmm 1 x*&sxT(Dmmm 1-9 (omm^muu^n^o 
wmm 1 1 

m.mm 1 ommmmum^ Mf&irz>7um& f e , vrt$a 1 v . f e N 

VSVA 1 ^^^^9^^^(75^ H «it^^6<t ? t£fc^&W$M& (F e 2 V 

ad ^r^-t-s^jt^M u ik<¥$m&&mm^frb<vT*hz> 0 r^-m, m 

*m&<D— Mt^F e 2 + x V 1+y A 1 1+! Oli|x v yWz ^x=- 2n/3 
N y=-n/3, z=niU -jRSF e 2 + 1 V 1 + y A l l+I Sr-)tta (Fe w V 
m ) H Al ltIl 1?ttriia»), Fe 2 V©^-7'tAl^iiinfii 

ft»Jt©SIin=0, o^O F e 2 VA 1 ©»aMII3ft©flS^5:Sfc U © 

flit© 2 t 3 dg»Lii©6 £ <D^?h 8 Kl-0fcifc 2 Cfc 1 6X*foZ 0 *fc, VOffi 
m-i L ^4 s|flal©2 t 3 d©lil©3 t©^ff5T?fc5„ */c, A 1 t 
te3 s|ftal<£>2 t 3 pflafOl £ ©^ft- 3 T-£>5„ r*t£>Fe, V^A 1 Of 
S^O^th 2 4 2SS##3t©fc^:£^ fc 9 o^#m^T^ S 0 

r©£*«5t^*j-b, IfgftnSr-O. 048gn^+0. 0 5 2©ilf| 

*i\ SI l fc^-J: 5(-> illiS 1 <!r UT, 9 9. 9 9li°/o©Fe^ 
9 9. 9 9fi%OAli:, 9 9. 9MA%(DV t&mMir&o ^tt, rfrb 

. 2%^TT-fcofc„ 

££>l^ |3IgS 3 <h Lt\ ^'fy^y h£r5 X 1 0" 3 P a©^^(C^Q 
VvC* 1 2 7 3KT*4 8 B#f?8©j^i&&fTo/c& N $ fe^ 6 7 3 KT-4^©^IU 

14- 
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<MS> 

Ei$fsij£*rfT$. i (D^-mm^mtnn. do 3 (L2,) 

(2) ^^M^ 

T'teg£k#M&£-£\ ^M^6> 1 2 7 3 K*-C«#^^^ 1 O OmA©«»i§ 

m-a-s w t ^ i i9 o . 05 K/#T-#M&-r s„ 

^Wia^iaS (K) fcjfcjfitt (jtzQm) £<^H#£r3fc£>;5 0 ^msr®2 
t^i-o l§12^^-rj: -fb^*f^m^c (i§^*n = 0) T*fc5^0!ll^B 
m^mtnte, 4. 2KT-CDjfc&^;dt2 6jtzQm£t>^LT:i3l?s 
©?&S&#t££r;^LT^5 0 iltUC^U F e 2 V©^V- ^i: A 1 bfc£ *){t 

mmwsm^m^-r h \.tz.mkm 1 (Dmmmmunxn, &mz.&rtz>imfc 
<DWP&mmxibz> 0 mx-ft, ntn=+o. o 2 <omkm 1 <Dmmmmu 

te, 4. 2K-eoitS^43<t-^3 ju QmM^ 4 0 0 K^T-e^JS^^iE 

h?>mmm^uutit-<x4 0 o k^t©® if^^sttsjt^t^j < & 

(3) i? — ^y^#Jfc<7)$J^ 

. 5X5mm 3 0^ft»Wi:t5, ^rbT, MM R /Technologies^ 
TSB-lOOj £/BV\ &M.m)t(D1i'—<y?mm&mfe1rZ 0 

&tm.)ifc£5Ug. (K) tyf&m. (/iV/K) £<D§3#&|2|3Hl:^ 

-r„ ia 3 k^-t <t 5 k:> ^^*iiia^ (na^» n = 0 ) xh siswj 1 (ommm. 
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munxn^ ■€^s'^#w+ 20-30^ v/KggfifeSo £*Lte*fru 
a i ^>^v^iin < o <opmm i (omm^unx^ •v—^yt&m-s.ft 

^oii^mnl-C^S, illg;i:ntfsj:!M>£<&*U£ 
, o£t>A 1 fr£ ^&<&*U:£s if — ^5/^^m^ife*Mi£^^^<^§ 0 
fcfe, A 1 Lfc<9. A 1 &4>ft< Lfc«9 LT^ai^m^^ll^^Tb^: 

tf. if — <5/^^mo^tr^^^r <h^5-c#. ^-^^^^Oi^^t^x. 

fr\z.-rb ufcK^j i (Dmmmmt&n-v—^ ryfmwcvmttm* 3 o o kx 5 

£fc s #»WUiK:±* 1 0 0KSl)t3 0 OK^ttSfa^in £:if— 
m (/iV/K) £©P#£H!4K:*-ro 04WJ:9^ iSin|:-0. 0 
4 8 ~+ 0 . 0 5 2 ©WTgfb;***:;*^ 1 ©8&«^&#**-C«: N if- 

8o^i©is^^x-^ if— <y*mL\-m^&&xib i Q, t<Dmn 

»S3 O 0K^*5V^T1 2 5 ^ V / /K^V^9^:#^'(it^-^oXV^§ 0 £fc N 

fi n = 0 . 0 12 (OmmW 1 ©SM^mit^T-li, if — <y JEte 

-^(Dmnm^3 o oKte*svvr 7 5 # v/Kk^o-x^tzmz-ft^x^z 

0. 048~0. 0 5 2Xh%tc£>, (8X2/3 + 5X1/3) X ( 3 - n 4- 

3 (1 + n) = 23. 79~24. 19T*fcl9, r.©<K88»*i"C*£ 

<mk\sX^Z>z.k&t>frZo m 3 2fct*B 4 J: tJ s WIIW2 3. 
2-24. 8©^fflftT*fc51»0!ll ©f^m^m*t^^*5V>-C N if — <y?fc%t 

(4). /l^tfe<£>S!l£ 
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„ *-/Ml$Cte> 14g™a>)> #^IU0mAOli^IiU -5T 
S 1 0 0^3 0 OKiZ&ftZmmMn (m 3 /C) 

H!5«£!? N ^4n3r-0. 04 8—+0. 0 5 2 £>ffi|-C3fcffc; 1 
<£fcUT*5!U Hin<0tWmt!)7(;4^ PgSn >0T?iE 

(5) /^ KfJ-J? 

t/TtiM^ f e 2 va i <^^zc/p^spf4#iao^^ KHfitte. ^/i^ mtH 

^ jKLaK-fr-y hfi^^ UF e -3 d/*^ Ka>bfct> % l^^yMiv-3d 

©tii^icw>t5(DT\ -7 ^/u^mm-i^^/^^— m<DR*\L^^ hi- 
z>o z.<DtzL$>^ Tiz£it>ziEii<Dm&it>mJMis, if — 
3E<Dm*7*ir 0 ai &{t¥wkm& m*>K'j> % <%z>k, itm^mit 
y> <Dmffim*mm*ui-z>(DT\ 7~/u$wtiLtzm^***~-w<DEs\^>7 ^ 
zvitb, **vTic&it>zn*<Dm&&miN^ •£ — 
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(6) #PH4 

1»M 1 &m#)&mb LT, 7 5 0° C^±^o»^^T 

(7) JSCR* 

l (vmnmmtWte, F e . VRU?A l £ v>55fc***JH«r^^i: b 

(8) ^tt 

[raw* 2 ] 

KM* 2 ©!IMt2E**mra^ WKfll i (om^mm^M U F e . VXVA 1 © 
5 *><£>a l <D'pt£< t h— i -egmufck s i <£>tt&*y no 

T#fettS«»«2©|R«gg«*t3|B|»ttx -«SFe 2 V (Al, r Si y ) T*^$ 

thZib-a-mxhZo 
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4. 2K(Dltm,m$0. 3 5/zQm*T*{£Ttt*J!3, 6 0 OK 

o 

(K) £i? *y*ff«C (mV/K) £©H««r5fc«>S. 3^mSr®8^ 

i" 0 #tt»fi-fc:«t:<5 1 0 0KS.T73 0 0 Kd^tSfE^Ay ' <y^ 

v/Kgtffc5o Ai<D'pft< ti>—i$*s ix-m&^timnm 

$mnxt±* <y*&&t±n%-&jk\zmb\'s t<omnm^mv<mM^x 

V^So «mSy = 0 . 0 5 ©{R«£ife*m-CW:* if ^toB^Hta 5 3 0 

okkl*5^ti 3 o n V/K£v^5*tft«:&oTV^ 0 r. C0S«^#3|Sf 

~0. 2-?fc<5fc#>. 2X8 + 5+3 (1 — y) +4y = 24. 0~24. 2 T? 

T$m9£9, mzmfam^wt&2 3. 2~2 4. 8<D$&mftx&z>mmw2<Dm 

I^^J 2 (D^m^mWH-oivr, KRMi 100 
KRO«3 0 0K^*3lt5itiv (mVC) £: tf>H#&:£i65o 

WZk&m 1 0 fc*rf„ HI 1 0 i !9> A 1 <K>'M£ < £ fc— g&S: S i -eK&Lfcl£i& 
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V^ 0 ^Ofcfe, A 1 (D'Ptg. < b t> — oPSr S i XMWk~P^> ^. b icioTMl? 1 

L^Ui^H-?^^i65 0 ^ttR^iSl 0 0K&t*3 0 OK^*5ft5Mm*v 
irW^JH-? (W/mK 2 ) irOHB^&IEIl 1 Hi 1 \z.7jk-ti. b Al 

S i^flmLTVvfcWfc^MMW (gm«y = 0) <omm 

mmtnxn, iuabwi. oxio-'w/mmsci^u ai©/m 

So y = 0 . 1 QWftffl 2 Oiif^tfi, 3 0 0 

KT'5. 5X10- 3 W/mK 2 tiLW5 o i©Itt»B i 2 Te 3 ^±^ 

ft&ff 3 oftttKKttftttu K»W 1 U -»e Hl v 1 + 

y (Al hr Si T ) 1+: ©lSix, yWz|:x=-n, y = n, z = 0 £ U 
-»e 2 + x V 1+y (Al, r S i v ) 1+! 4-»e 2 _J 1+n (A1, ? S i 

< b i>— gfl&S i -Cjl^Lfcti(DT?fc5o f^inftO. 0 5T'fc!) N S i ©t 
m*y«0^ r ^0. 2 0fEfflftT*5IiR$*L-CV^ 0 St&ttl*M!| 1 b mmxh 
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mm (k) t&t&tii (nQm) t<Dm& : £-£#>%o K£%:%mi 2\ztfi- 0 mi 2 
= 0) \zi&mz&vzitntii&&mMi, 2<Df&m&mttn& i 9h&<te'3x^ 

zm-tX-te<. A10'>*< £&-g|S£:S iXW&'tZZ.hfck^xZbizitm 
W>&W.'P LT*5 «9 % y = 0 . 1 O^^te 5 0 0 KSXTX&m&)tejE<DM. 

ZUgZ (K) tif-^<5/^#^ (/iV/K) ttf>lS^&3fc£>5o ^01311 
^-f-o Ell 3^-T£5^ liin*iSf5ii:%(^ Al©/>/£<H- 
$PSr S i -C*fi&Lfci*ifc0iJ 3 ^f^a^mitJlsfT^*, A 1 (D'ptj; < £ t>— §P^r S i 

xw& uyt fc n (D&.wtmcomm.m&ttn t jt-<. — * y ? &%xDmtm^ is h 

(Cl|iDLtVN5 0 iiin = 0. 0 5, fiiy = 0. 0 3 (DmmM&ttVrXte 
N if— <^^^0^*f» 5 2 5 OK^^T 170a V/Kt 5 ^Ct^'fit}- 

-C£>3 0 

30#§m!tK£5 3 0 0K^*5tt5B^*r fci? ^y? 

(DM&*m 1 4 ^i-„ ig 1 4 j: «p , &mm 3 ^s^mim^ wsm 
2<Dmm^unttt^ ±x<om^My^m^x, i?-^y*«#©*ft*Mttas 

^#<*oT*5^ $ f)('Sii7©^tfc^*f)f^f«l 5 0/z V/ 

^tmm^m^m^m^mm^^m\^xnb^^ti)^^ 0 

£&^> fi:^!j3©#^;^^J:SM^ (K) ^ffl^E^- (W/mK 2 ) 
08#£r|g| l 5 ^i" 0 mi 5 \z.7jkir£. 5 fc> P^ft n LfcfcttT% ff&4 

7 = ox&zmmmmtnxn^ mnaomjim**^^^ 1 • 5x1 o- 3 w/ 
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x y = 0 . 1 <D&$kW 3 ©ll^IWTIi, ffi^SW 3 0 0 KT'*5J; 

*4. OXlO- 3 W/mK 2 (iilTV^, I©It)»B i s Te 3 ^±^i: 

o 

£>&m^&*t#*tt> ftttffl 1 ^ifcWffittfcatU F e % VRXfiA 1 O 
?h<DA 1 <D'Pt£< t h~ U&G e T-«m L 7h 5 o GeO|tiy(iO 
^•y^O. 2 0$&®ftT*jStR$;txTl^„ 1 £ Ht"C«)5 0 

T#bil5^M4©il^|t!|SHi> -»e 8 V (Al^Ge,) T*^$ 

WR«4©#WRfr|!:J;5l 0 0KM3 0OKti3it5itiy ^if^.^ 

w\4:(ommM^MUX'v± s -t? — ty?m%L(Dmttmi)S3 o ok^vnti i o 

rafe0|4O#WR^'K:J:<&3 O 0 KK&tf SgmAy irti^H^ (W/ 
mK 2 ) i©i^^l7t*t 0 017l^fj:5^ g&*y = 0. 1 £>f* 
9tM4<DWtWS&A#ft'VttL > ffl^Ji^3 0 OKI^v^*5j;-e4. 0X10" 

< £ fc— £B£rG e T*©t&Lfct&m^&Wte, A 1 <D'Pt$. < i: t>— S i 
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[MM 5 ] 

mm 5 cDf&mmmtnn, mm i <om*mmm u f e % vrva i <o 

t*^M5o#^m^mw^ov^, mmi t^^x^iu^j^fT^o 
mm 5 ©#!»«£ifc8m#>f * 9— a-^s©ig*#3ftsr# tTv^ 

/K) k<DMm&mi P;^j50#^i^K-^J:6 3 0 0KtC*3 

tt5ff&*a ^W^Jia^- (W/mK 2 ) <b<^M^Sr|§ll 9^^i~ 0 0 1 8 RXfm 
1 9 J: <9 „ F e ?>4>fc < 1 1>— C o UfcBm^m#^«. A 1 

< <b Si^Ge Ufctt*09 2 , 4 OHif^i mm. « 

. o 5 ©»«&lMtfts[.-c«\ if— ^««<D#ft*H([36S 3 0 0 KK^T 10 1 

o 

[MM 6] 

f*$M 6 <Df&nmmtm*, mm 1 ©«*«'atfc» u f e , v&va 1 <a 

0^0. 2^fflrtT'il^$tLTV>5 0 Ifei«ili^itfc5 0 ^5tT 
ft fcftSMM 6 -#5S;Fe a (V,.,Mo,) Alt*Stl 

WJ6©^i^^tov^„ WJl i:lRl«0X3»|SI*f»^S:ff 5- 
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it. 

nm.M6<D&nm}f\z£z> 1 o ok^3 o oK^n^m^&p t-tr— 

^#fc UV/K) i<^g|#SrEl2 0^^i" o El 2 0 J: 9, V<D4>&< £ t>— 

o -egmb^^m^mM^^ A 1 <D'P?£< t fc— $&£r Si^Ge T«L 
fc^ F e <£>4>& < £ fc— C o -Cff& Lfc 9 LfcKifcM 2 N 4 , 5 <£>f|&m^ 

mtntmm, -a — ^ ^m-m^^Kmhx^ ixjmjpi, 
oKm^ti o 5/z v/K<tv^*#&{ii:K:&oTv^ 0 -^m^m#^t> 

o 

[^^ij 7 ] 

5 %<DV<D'M£< gpSrT i "Cg^ L fcfc 5 „ T i <£>g^ft £ {2 0 ^ 

T»6,^5^M7 0^m^i^t3|Sffi s -^Fe 2 (V w Ti,) Al« 

t£ifcM6 x 7<^#^>t-^J:6 3 o OKfc&tfSgi&Afl <bif— <y*£MB: ( 

MV/K) t<Om^m2 lUlSM". EI21J:»5, V<D'J>t£< £ 1> — fflS&T i -e 
. 2 5 ^m^^t^T'fi. *fl**©|ft*MI«S 3 0 0 Kfc&Wr 7 5 /x 
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f*&0»j6, 7 0^|*^|t i5 3 0 0 Kt*i^5iil|3 
(mVO i:OP#Sr® 2 2^i~ 0 H 2 2 J: !K V<D'J>ti: < £ t> — T i 

v mm^xhzz t &t>frz>„ z<D&—A'&&<Dmi&fejktm 2 1 \^ 

o 

[was] 

mm® s (Dmrnmrntmn. trnrn 1 ©i*mi^ u f e N vr-o*a 1 <z> 

= 0. 05, 0. 1 0-ciiiR£;3vcv^ o I^miUHi^ibs. 

T#e>*L««*W8©f»*3E**tJ|B|.r4^ -^Fe 2 V (A 1 ,. r S n y ) 

g^iy = 0 . 0 5 <DUmm 8 ©J»«^tfeH-^T?ttx 3 0 0 KlC*5# 3 if — 
S^DMfcft*- 122/x V/K, ffi^H^tfS 2 . 8X1 0- 3 W/mK 2 -T?fcofc„ * 

f-, am* v = o . io v&rnw 8 (Dmn^&tt&x^ 300 Kte*m s-t?— 

□ 

[MM* 9] 

9 <Dmm^m#^«> M*tii 1 <om^mm^ u Fe, v&t^A 1 <o 

= 0. 0 1 5xm$i£tix^5 0 m&te&wtmi tmmxhZo rntntn 
ss*»W9©it3Efttt»ii, — ^ (Fe,„ptj 2 va 1 xmzn%4k& 
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«m*a = 0.015 <Dttmm 9 ©?»m3E&*t#*-m. 300 K^tevzu- 

^vtffim*- 1 2 2 n V/K N ^0^3. 1 X 1 0- 3 W/mK z t*ifeofc 0 

o 

Wl2©-»e 2 V (A1,. T S1,) T?*Stt«J»*2Elft*t^i:.'W* 

-|KSFe 2 (V^Ti,) A 1 l£OV , >T % 30 OK 

l^it^flf ^ y^m^H^F (W/mK 2 ) £ OM^&sfcifc 5 0 jfclM|l£r|g|2 
3 ^tj^-To ( 

o 

{tt$fci*;ifc2} 

^^^Hftm^m*ti|Sf^S^5tT-fcSF e 2 VA 1 Wl20Fe 2 V 

(a i o. 90 s i o. 10 ) x-mztbzmmmmmA- (ni) i»#ij6©F e 2 

(V 0 . 90 Mo 0 . 10 ) A 1 Xi$t£tl%mnm&W& (ni) WJ7©Fe 

2 (v 0 . 90 t i o. 10 ) a i T*§e£;fts£&m^&*m (p§«) ^mmMm 
untizo^x, u& (k) trnjim* (w/mK j ) t«^5 0 

mm^UntVXn, CoSb 3 (ni) N CoSb 3 (pM) n Bi 2 Te 3 
% SiGeiSlt)'PbTe»5 0 M^&IU 2 4 

2 6 



WO 03/019681 



PCT/JP02/08394 



(IW2) 

1 ~ 9 biliR Ltl 1~9 OSS^M^ £ £t*P 

©fibOfft«^lftW|s|»i:oa^*fcJ:oT#fife$^TV>S 0 -T^^fe, @2 5H 

?il^7/4a, 4b©S«Wii5(aoTi«8I^fct 
-fth&, JEHRXfm^fc&W} U * 9 5: y * 6a, 6b IIOtei&&3£aS38£1- 

ztih oii^^^tt, i ~ 9 <z>f&&m^ifc*Jisf # &if - 
^k^rn^sm^ p MMni^wj i~9 ©j»«3E*H-^j6»e>»*i 
mm&m^vmm^x hi>femxhz> 0 s&k, wji~9©nti#ws 
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2. S^^7C^A^#^T©^i-^te^^^D s T'fcSi^ 7n#D s CD 
a&ftatfS— ^ (A,.,Ds,) 2 BC§r^fc-t-0^a^ lcO^HrtT-^^tb 
6- tlUoT^ ft^CSfcDOttttt^2 3. 2-24. 8f^5J;5t 

5- iCiot, flS^Sfc 9 2 3. 2-2 4. 8teteZ£?1<?l 

4. S*#agc7)7cmc^#x.TBm-rSfib 1 c7)7n^^F s T*fc^.#^ td^F s (D 
W&M;v&— fl$5£A 2 B (C H Fs t ) «fct0^7 ^ 1 <D^ISrtT*51iR£;ft, 
Siitaot, mSfc!)^iiW2 3. 2-24. 8\ZteZ>£o{Z 

5. #lf&-r35niff&A, BMC <t Ufc^^ 7ci§A N B^CW^7-& 
^Sl03ieSi#3i^>te*«t5*^»«L^ (A 2 BC) SrfcU flS^CSfeOO 

srt \z£oxfcm&mit v (Dmffin+mmmztix^z n t 
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<Z>f^*x N y RX*z&mz.7tmD s (DW&MLatf— fg& (A,. e Ds a ) 2 + x B 
1 + y C l+ . Sr^fc-T- 1< x < 1 N - 1< y < 1 Xtt- Kz<lWOgo^ 

2 ~24. 8 tefc* J: 5 KfflfP^ftTV^ i *4#»fc^5tt3fr® 5fB*fc©3&« 

(Diiix, y^t^zafetK^7C^E s tf>B&*/3 3S— ^x^A 2 + x (B, ( Es { ) 

1 + y C 1+Z ^fc-T- 1< x < 1 . - 1< y < 1 Xtt- Kz<lRt;og^ 

2 4. 8 fcfcS «t 5 fcflJ»;*Jh/'CV^ r ^Wit5ftt« 5|Bm©^m^m 

Oiiix, y&tfz SfLmZTumF s Oft&fty 3*— ^^A 2+x B 1 + y (C^F 
s y ) 1+ ^ifct-Kx<l, -l<y<13U*-l<z<lRT*0^y£ 

2 4. 8 «t 5 fc«8»'$;h/rv^ n t sr#m^-rsm^ 5 

9. 5c^AttJI»iSl!:*3Jt5l4~6^»i©V I I I frit 
jciffc^ 5n*Bt±M»J*^*3»t*IS4~6«»l©I VaJfc-VI I *Mfrb 
<C5»^b»tf*tfc7C*t'*>9, 5c*Ctt«»l*R:33*t*»3'-5j«»|OI I a 

10. jciAliFe («) "CfclK TC^B^V T-fc t) . 7C*Cf4 
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1 1 . 5c*AJd#^.Teifti-5^5c*dSD s T'feS^x SiD s 

i-rsit** 1 7^ i o ©v^tta* i mmm,<Dmmmmti&o 

12. 5ciDsliPt MCo W< 

13. 5n*B^£T«iM-Ste©5n*#E sf$)5I^ 5c*E s fiJSSJsfefc: 
i 5r#^:<b-r6ff ^ 1M12 <D^-fftfr l «fB«©f»mSBfcWh, 

14. jciEsliMo (^y^f» WTi (^V) 0^^<i%— ^-efe 
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